It is of high importance in seismic retrofitting of lateral load-bearing systems to increase the connections performance. The crucial point in the steel frame retrofitting process is to create plastic hinges in these types of frames. The formation of plastic hinges in beams and near columns generates large strains on column flanges as well as welding metal and heated surroundings, which can lead to brittle failure. The connection should be designed in such a way as to allow plastic hinge formation at certain points of the beam. One such method suggested for retrofit connections is to reduce the beam section locally away from the connection zone. There are various patterns available to locally reduce the beam section, such as circular, elliptical, and symmetric/asymmetric. In recent years, different proposals have been presented to design these connections which vary from older instructions. For this study, radiused cuts in the flange and slotted holes in the web of connection beams were selected for retrofitting analysis. Cyclic behavior, energy damping levels, and ductility of these connections were studied and compared before and after the retrofit by using nonlinear dynamic analysis. The results showed that the symmetrical circular hole pattern in the beam flanges demonstrated reliable performance.
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INTRODUCTION
Earthquake loads, after being distributed by a solid slab, are transferred to the columns through the connections in moment frames systems and also elements like bracing and shear walls in other frame systems. Besides, the seismic strength of steel moment frames is highly reliant on the quality of the connections and the connection method between beams and columns. Various methods have been suggested to avoid this problem, one of which is the addition of elements to the connection in order to increase the beam strength and reduce connection stress. In another method, using reduced beam sections (RBS) with various patterns is suggested to increase the seismic performance of the connections as, by using this method, there will be a plastic zone in a pre-defined area. Due to yielding of the beam flange and formation of a plastic hinge in the pre-defined area, a great amount of seismic loading will be dissipated and, thus, connection ductility increases. Under the lateral loading and nonlinear deflections in the frames, multiple plastic hinges form. The connections must be retrofitted in such a way as to allow these formations to be concentrated in certain parts of the beam and also reliable enough to move the plastic hinge far enough from the column. One influential parameter in the connection retrofitting procedure is increasing the strength of the panel zone and there has been plenty of research into the effects of panel zones and RBS connections on seismic behavior of steel structures ( Their results showed that the presence of an opening in the web of the moment frame will satisfy the seismic needs while also not diminishing the frame stiffness. The nonlinear behavior of a frame with reduced beam sections illustrates that the performance curve of these frames has increased compared to before and there has also been an increase in their ductility (Yang et al., 2009 ). Hedayat and Celikag assessed the stiffness and ductility of RBS connections. In their study, post-Northridge connections were modelled, and their behavior was evaluated. After the assessment, the location of plastic hinge formation was observed to move further from the column. Also, the plastic tension and strain concentration in the beam flanges decreased when using RBS connections (Hedayat and Celikag, 2009 In another study, a formulation was developed by Fanaie et.al. to evaluate the amount of stiffness variation or amplified elastic drift introduced by RBS connections in steel moment frames. Two simple, linear, and functional amplification factors of elastic story drift formulas for story beams with RBS connections are proposed for designers. The scope of these formulas will be expanded to plate girders as well (Fanaie et.al., 2019) . In this study, radiused cuts in the flange and slotted holes in the web of the connection beams were selected for retrofitting of the steel connections. These connections were designed and retrofitted based on recently optimized methods that were presented in the last decades. Cyclic behavior, energy dissipation levels, and connection ductility before and after retrofitting were evaluated and compared using nonlinear dynamic analysis.
DESIGNING THE MODELING
An 18-story steel building was designed with a special moment frame in one direction and high-ductility bracing in another direction. The plan of the building is shown in figure 1 . Story height is 4 meters. The beams and columns were modeled based on W-sections. The steel type used is ST37. LRFD specification and AISC seismic provisions were used to design the building. The models were loaded according to ASCE 7-10. After designing the beams and columns, the connections were modeled in the ANSYS platform. Shell43 element was used, which takes up less calculation compared to solid elements, to carry out the nonlinear analysis of the connections. Stress distribution in the web and flanges of the beams was factored into the finite element model (FEM). Steel yielding and ultimate stress were considered to be 2400 and 3700 , respectively. To model the welding material, yielding tension of 3500 and ultimate tension 4200 were applied. The stress-strain curves of steel materials in the members and the weld are illustrated in figure 2. Table 1 shows the characteristics of the properties of the W-section in connections in the experimental model. The test setup and dimensions of the beam and column are shown in figure 3 . This experimental test included dynamic and static steps. The dynamic test was based on seismic response and the static test was based on failure mode in the frame. The N-S component of the El-Centro earthquake and the E-W components of the Northridge earthquake were selected for dynamic analysis. The loading displacement corresponding to the first mode was selected for static analysis. 6 Abbas SIVANDI-POUR Fig. 3 . Test Setup (Yang et. al., 2009) In order to verify the finite element model for retrofitting, a 105mm wide hole where its closest edge was located 385 mm away from column side was applied. Figure 4 depicts the FE model of the specimen and meshed areas around the opening. FE model loading was a replicate of the loading in the experimental model. The performance curves of the analyzed model were put together with those of the experimental specimen in Figure 5 . According to figure 5 , the FE model correlated well with the experimental specimen. The slight differences appearing in displacements larger than 20mm were mainly because the steel had reached yielding point at this stage. 
Using long slotted hole in web
The first suggested section in this study for retrofitting is to use two long-slotted holes in the beams' web. Figure 6 shows the details of the retrofitted connection. 8 Abbas SIVANDI-POUR
Fig. 6. RBS connection parameters with long-slotted holes
In which, Lv is the length of the slot along the beam's longitudinal direction which is equal to the space between the beginning and end of the slot, Dv is the depth of the slot, a1 is the net distance between two slots, D is the distance between slot center and column surface which is equal to beam height. a1 is obtained from equation 4.1.
Zb is the plastic module of the section and L is the length of the beam. tw is the column web's thickness. Lv is determined from the following equation. Beam dimensions and the characteristics of the slot in the first retrofitted specimen are given in table 2. The loading applied to connections was according to FEMA 350 which are depicted in table 3. The strain distribution of the plastic hinge at maximum displacement is displayed in figure 7 . Fig. 7 . Plastic strain distribution at 66mm displacement According to the results, the first yielding point in this connection occurred in the slots area and at a displacement of 7.5 mm. The yielding zone was moved away from the columns side to zones near the long-slotted holes. 
Using radiused cut in the flange
The second suggested section for retrofitting the connections involved applying a radiused cut in the flange of the beam. The details of the suggested retrofitted connection are shown in figure 8 . If the beam length is more than 10 times its height, this pattern is not recommended for retrofitting connections. These two shear amounts can be calculated using equations 4.9 and 4.10. In addition, the location of plastic hinge formation in RBS connections can be calculated using equation 4.11. In which Fy is the steel yielding stress at the panel zone, dc is the column section height, tcw is the panel zone thickness, tf is the beam flange thickness, and dh is the beam section height. Also, L is the beam span, h is the column height, and Myb is the total moment applied to the column via the beam. Parameter Sh is the distance of the plastic hinge from the side of the column. The characteristics of the retrofitted connection with radiused cuts in the beam flange are summarized in table 4. The applied load to this connection was also the same as the previous connection according to table 3. Figure 9 illustrates the maximum plastic strain distribution in the connection at maximum displacement. Fig. 9 . Plastic strain distribution at maximum displacement
INVESTIGATING THE BEHAVIOR OF RETROFITTED CONNECTIONS
To compare the retrofitted connections, their behavior before and after the retrofitting was evaluated. The retrofitted connection with long-slotted holes in the web was indicated by A-Web. The retrofit connection with radiused cuts at the flange was indicated by A-Flange. The pre-retrofit connection was indicated by B-Non. The hysteresis behavior of the connections is shown before and after retrofit in figure 10 and table 5. The pre-retrofit specimen had a larger area under the curve compared to the other two specimens. According to the specification of ATC-24, the ductility index is defined as the ratio of ultimate displacement to required displacement to have the first yielding. The A-flange specimen had the highest ductility index compared to the other two specimens. The ductility index of the A-flange specimen was 16 and 17% more than the A-Flange and B-non specimens, respectively. The first yielding point of the A-Flange specimen happened at 14 mm displacement, which was lower by 26 and 33 % compared to the A-Web and B-Non specimens, respectively. The earlier yielding point of the A-Flange compared to the other two specimens was due to the stress concentration around the circular parts of the long-slotted holes. The same phenomena occurring around the radiused cuts of the A-Web specimen also caused earlier yielding of this specimen compared to B-Non. The performance curves of connections are compared in figure 11 , before and after retrofitting. The diagrams shown in figure 13 are a good index for comparison of plastic strain occurring in the sections. The difference between maximum plastic strain in the A-Flange connection at 60mm displacement was 24 and 79% more than the A-WEB and B-NON, respectively. The large difference in maximum plastic strain in the A-Flange specimen compared to A-WEB and B-NON occurred in the weakened section. An explanation for this could be the stress concentration at the radiused corners of the A-Web and A-Flange specimen, which resulted in higher strain.
The extent of energy dissipation in the web and flange of retrofitted beams are measured at different distances from the panel zone and displayed in figures 13 and 14. The dissipated energy in the beam flanges was increased 31% for the A-Flange specimen and 34% for the A-Web specimen, after retrofitting. The dissipated energy in the beam web was increased 28% for the A-Flange specimen and 58% for the A-Web specimen, after retrofitting.
CONCLUSION
In this study, two models of retrofitted connections were compared. Their behavior before and after the retrofitting was evaluated. The first connection was retrofitted with a long-slotted hole in the web of the beam. The second connection was retrofitted with radiused cuts at the flange of the beam. Results showed that retrofitted connections with radiused cuts in the flange have better behavior by far in dissipating seismic energy compared to connections retrofitted with longslotted holes in the web. The area under the hysteresis curves of the pre-retrofit specimen is 67 and 98% larger than the retrofitted specimen with long-slotted holes and with radiused cuts in the flange, respectively. The ductility index in the specimen with radiused cuts in the flange is greater than in the specimen with long-slotted holes in the web. Connections retrofitted with radiused cuts in the flange, when compared to long-slotted holes in the web, have much higher energy absorption although lower plastic strain levels. The maximum plastic strain at 60mm displacement for the retrofitted connection with long-slotted holes in the web, when compared to the radiused cut specimen, shows 80% reduction which indicates less plastic displacement in the radiused cut retrofitted connection. After retrofitting the connection, the dissipated energy in the beam flanges of the radiused cut specimen had a lower increment compared to the retrofitted connection with the long-slotted hole. The energy dissipation in the retrofitted beam web in the specimen with radiused cuts at the flange had a higher increment compared to the specimen with the long-slotted hole in the web.
